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Gender Differences in Risk of Renal Cell Carcinoma
and Occupational Exposures to Chlorinated
Aliphatic Hydrocarbons

Mustafa Dosemeci, PhD,!* Pierluigi Cocco, mbp,2 and Wong-Ho Chow, PhD!

Background: Organic solvents have been associated with renal cell cancer; however, the risk

by gender and type of solvents is unclear.

Methods: We evaluated the risk of renal cell carcinoma among men and women exposed to all
organic solvents-combined, all chlorinated aliphatic hydrocarbons (CAHC)-combined, and
nine individual CAHC using a priori job exposure matrices developed by NCI in a
population-based case-control study in Minnesota, U.S. We interviewed 438 renal cell cancer
cases (273 men and 165 women) and 687 controls (462 men and 225 women).

Results Overall, 34% of male cases and 21% of female cases were exposed to organic
solvents in general. The risk of renal cell carcinoma was significantly elevated among women
exposed to all organic solvents combined (6R.3; 95% Cl= 1.3-4.2), to CAHC combined

(OR = 2.1; 95% Cl= 1.1-3.9), and to trichloroethylene (TCE) (OR 2.0; 95% Cl =
1.0-4.0). Among men, no significant excess risk was observed among men exposed to any of
these nine individual CAHCs, all CAHCs-combined, or all organic solvents-combined.
Discussion These observed gender differences in risk of renal cell carcinoma in relation to
exposure to organic solvents may be explained by chance based on small numbers, or by the
differences in body fat content, metabolic activity, the rate of elimination of xenobiotics from
the body, or by differences in the level of exposure between men and women, even though they
have the same job titldm. J. Ind. Med. 36:54-59, 1999.Published 1999 Wiley-Liss, Iric.
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INTRODUCTION

linetal., 1996]. For example, excess risks of RCC have been
reported among workers exposed to asbestos [Selikoff et al.,

The role of occupational risk factors in the etiology 0fl979; Enterline et al., 1987; McCredie and Stewart, 1993],
renal cell carcinoma (RCC) is poorly understood [McLaugharsenic [Tsuda et al., 1990; Enterline et al., 1995], polycyclic
lin et al., 1996]. Although RCC is not commonly consideregromatic hydrocarbons (PAH) [Sharpe et al., 1989; Poole et
an occupational cancer, a number of occupational rigl 1993; Mellemgaard et al., 1994; Boffetta et al., 1997],
factors have been suggested [Mandel et al., 1995; McLaugjysoline [Siemiatycki et al., 1988; Partanen et al., 1991;
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Mellemgaard et al., 1994; Lynge et al., 1997], benzidine
[Morikawa et al., 1997], solvents [Lynge et al., 1995],
formaldehyde [Hansen and Olsen, 1995], and lead [Steen-
land et al., 1992, Cocco et al., 1997]. Workers employed in
certain industries also have been found to have elevated
risks, including dry cleaning and laundry workers [Katz and
Jowett, 1981; Duh and Asal, 1984; McCredie and Stewart,
1993; Lynge et al., 1995], steel workers [Urbaneja Arrue et
al., 1995], textile workers and tailors [Auperin et al., 1994],
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TABLE I. Prevalence of Exposure to Solvents and Chlorinated Aliphatic Hydrocarbons (CAHCs): NCI JEM Applied to
Minnesota Cancer Registry Data (1988—1990)

Men Women Total
Solvents type Case Control Case Control Case Control
All organic solvents combined 0.34 0.34 0.21 0.11 0.29 0.27
CAHCs combined 0.26 0.26 0.18 0.09 0.23 0.21
1,1,2 Trichloroethane 0.07 0.08 0.02 0.02 0.05 0.06
1,2 Dichloroethane 0.10 0.08 0.09 0.04 0.09 0.07
Carbon tetrachloride 0.16 0.19 0.07 0.04 0.12 0.14
Chloroform 0.03 0.02 0.04 0.02 0.03 0.02
Methy! chloride 0.08 0.09 0.04 0.05 0.06 0.07
Methyl chloroform 0.19 0.21 0.08 0.07 0.15 0.17
Methylene chloride 0.21 0.24 0.06 0.07 0.16 0.18
Perchloroethylene [PCE] 0.15 0.13 0.05 0.06 0.11 0.11
Trichloroethylene [TCE] 0.12 0.11 0.13 0.07 0.13 0.10

oil refinery workers [Bertazzi et al., 1989; Shallenberger eiemographic and ethnic variables, occupational and residen-
al., 1992; Poole et al., 1993; Rushton, 1993], gasoline statitial history, diet, smoking habits, medical history, and drug
attendants [McLaughlin et al., 1985], farmers [Forastiere ase, was administered in the homes of the respondents by
al., 1993], printers [Paganini-Hill et al., 1980; Sinks et altrained interviewers unaware of the case or control status of
1992], and coke-oven operators [Redmond et al., 197Rg study subject. Occupational history included the most
McCredie and Stewart, 1993; Mellemgaard et al., 1994fcent and usual occupation and industry, job activities, year
Most of these occupations suggest that organic solverggarted and year ended, and part-time/full-time status. In
particularly chlorinated aliphatic hydrocarbons (CAHCs)ddition, duration of employmentin 13 specific occupations/
may be associated with risk of RCC. To evaluate the effedtslustries and seven jobs with specific exposures was
of organic solvents on RCC risk, we analyzed data fromascertained.
population-based case-control study of RCC in Minnesota, Occupations and industries were coded according to the
using job exposure matrices (JEMs) for ten CAHCs arstandard occupational classification (SOC) [US DOC, 1980]
organic solvents developed at the National Cancer Institutend standard industrial classification (SIC) [US OMB, 1987]
schemes. The National Cancer Institute has developed JEMs
METHODS for nine individual CAHCs (i.e., 1,1,2 trichloroethane, 1,2
dichloroethane, carbon tetrachloride, chloroform, methyl
Details concerning the design of this population-baseghloride, methyl chloroform, methylene chloride, perchloro-
case-control study of RCC are presented elsewhere [Chovegtiylene (PCE), and trichloroethylene (TCE)), all CAHCs-
al., 1994]. Briefly, a total of 796 white patients newlycombined, and all organic solvents-combined for use in
diagnosed with histologically confirmed RCC were identivarious case-control studies. These JEMs were merged with
fied through the Minnesota Cancer Surveillance Systemagsigned SOC and SIC to determine the exposure status to
statewide cancer registry from July 1, 1988, to Decembgifese chemicals for each study subject. Details of the
June 31, 1990. Interviews were obtained for 690 (87%pplication of the job exposure matrices are presented
cases, including 241 interviews with next of kin of patientssisewhere [Dosemeci et al., 1994; Gomez et al., 1994].
For subjects age 20-64 years, an age- and gender-stratified The logistic regression model was used to estimate
random sample of white controls was obtained with randorslative risks and the 95% confidence limits [Breslow and
digit dialing. For subjects age 65-85 years, an age- abehy, 1980]. The relative risk was estimated in terms of odds
gender-stratified systematic sample of white controls wastio (OR) and adjusted for age, smoking, hypertension
obtained from the listing of the Health Care Financingtatus and/or use of diuretics and/or anti-hypertension drugs,
Administration. A total of 707 population-based controlaind body mass index for men and women separately.
were interviewed, representing an overall response rate of
86% from these two sampling frames. In the occupationRESULTS
analysis, 438 cases (273 men and 165 women) and 687
controls (462 men and 225 women) with complete personal The prevalences of exposure to all solvents and
interviews were included. A questionnaire, which covereddividual and combined CAHCs are presented in Table I.
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TABLE IlI. Risk of Renal Cell Cancer by Exposure to Solvents and TABLE Ill. Gender-Specific Risks of Renal Cell Cancer for Various
Chlorinated Aliphatic Hydrocarbons Adjusted for Age, Gender (for total), ~ Exposures in Other Studies
Smoking, Hypertension and/or Use of Diuretics and/or Anti-hypertension

Drugs and Body Mass Index, Minnesota Registry Data (1988—1990) Men Women
Exposure/ OR OR
Men Women Total Investigators/citation industry (95% CI) (95% CI)
OR[n] OR[n] OR[n]
Solvents type (95% CI) (95% CI) (95% Cl)  Asal etal., [1988] Dry-cleaning 0.7 2.8
(0.2-2.3) (0.8-9.8)
Solvents in general 0.93[91] 2.29[35] 1.16 [126]  Mellemgaard et al., Dry-cleaning 2.3 2.9
(0.7-1.3) (1.3-4.2) (0.9-1.5) [1994] (0.2-27) (0.3-33)
CHC combined 0.94 [70] 2.08 [29] 1.15[99] Solvents 15 6.4
(0.7-1.3) (1.1-3.9) (0.9-1.6) (0.9-2.4) (1.8-2.7)
1,1,2 Trichloroethane 0.90 [20] 0.95 [3] 0.91 23] Herbicides 1.7 5.7
(0.5-1.6) (0.2-4.4) (0.5-1.6) (0.7-4.3) (0.6-58)
1,2 Dichloroethane 1.13 [26] 2.34[14] 1.37 [40] Ward et al., [1994] Cable mfg. 1.2 15
(0.7-1.9) (0.9-5.9) (0.9-2.2) Cohort (0.7-1.9) (0.5-3.6)
Carbon tetrachloride 0.79 [43] 1.88[11] 0.90 [54] Ruder et al., [1994] Dry-cleaning cohort 0.7 2.4
(0.5-1.2) (0.7-5.0) (0.6-1.3) (0.02-3.7) (0.5-7.0)
Chloroform 1.2719] 1.89 [6] 1.48 [15] Mandel et al., [1995] Dry-cleaning 14 1.6
(0.5-3.2) (0.5-6.7) (0.7-3.1) 1.1-1.7) (1.0-2.7)
Methyl chloride 0.85 [21] 0.88[7] 0.87 [28]
(0.5-1.5) (0.3-2.4) (0.5-1.4)
Methyl chloroform 0.88 [53] 1.26 [13] 0.94 [66] DISCUSSION
(0.6-1.3) (0.6-2.8) (0.7-1.3)
Methylene chloride 085 [58] 0.95 [10] 087 [68] Our findings suggest that there may be gender differ-
(0.6-1.2) (0.4-2.2) (0612 ances in RCC risk associated with occupational exposure to
Perchloroethylene [PCE] Li2[42] - 0.82[8] LO7B0l grganic solvents. Previous studies of RCC in relation to
) 0.7-17) (0.3-21) (0.7-16) organic solvent exposure have primarily focused on men.
Trichloroethylene [TCE] 1.04133] 1.9622] L30B8 Taple 111 presents studies that have reported gender-specific
(0.6-1.7) (1.0-4.0) (0.9-1.9)

risk estimates for various exposures and industries. Al-
though in some studies, risks were not significant due to the
small number of women in the study population, women
consistently showed higher RCC risk than men for the same
The prevalence of exposure to all organic solvents-coraxposures. Asal et al. [1988] and Ruder et al. [1994] reported
bined was 34% among male controls, and 11% amomagmost 3-fold risk differences between men and women who
female. For individual CAHC, estimated exposure prevavorked in the dry-cleaning industry, in which various
lence ranged from 2% for chloroform to 24% for methylenehlorinated aliphatic hydrocarbons (e.g., carbon tetrachlo-
chloride among male controls, and from 2% for chlororide, TCE, PCE, and 1,1,1 trichloroethane) have been used
form and 1,1,2-trichloroethane to 7% for methylene chlasince the 1930s [IARC, 1995]. Mellemgaard et al. [1994]
ride, methyl chloroform and TCE among female controls. reported more than 4-fold significant risk differences be-
Relative risks of RCC by exposure to all solventstween men and women exposed to solvents in general.
combined and individual and combined CAHC are pre- Recently, a critical review of epidemiologic studies of
sented in Table Il. Among women, significantly elevate@CE and PCE and risk of renal-cell cancer [McLaughlin and
relative risks of RCC were observed exposed to all oBlot, 1997] concluded that “the totality of epidemiologic
ganic solvents-combined (OR 2.3; 95% CI: 1.3-4.2), all evidence clearly does not support a causal association with
CAHCs combined (OR= 2.1; 95% CI: 1.1-3.9) and TCE and PCE.” In some of the articles reported in this
TCE (OR = 2.0; 95% CI: 1.0-4.0). Nonsignificant excesseview, women employed in the dry-cleaning industry
risks were observed for 1,2 dichloroethane (6R.3; 95% showed excess risk of RCC [Katz and Jowett, 1981; Asal et
Cl: 0.9-5.9), chloroform (OR= 1.9; 95% CI: 0.5-6.7), al., 1988; McCredie and Stewart, 1993; Mandel et al., 1995].
carbon tetrachloride (OR= 1.9; 95% CI. 0.7-5.0), and In general, associations between solvents and renal-cell
methyl chloroform (OR= 1.3; 95% CI: 0.6—2.8). Among cancer are more consistent among women than men. Studies
men, little or no excess risk of RCC was associated with allithout a gender-specific evaluation are less likely to
solvents-combined, all CAHC-combined or any individuabbserve these associations due to the small proportion of
CHAC. women exposed to solvents in most study populations.
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Gender differences in cancer have been suggested in Limitations in this study include potential survival bias,
other epidemiologic and laboratory studies. For examplas all cases who died (35%) were excluded from the analysis
the linear increase in risk of oral cancer was significantlp avoid using next-of-kin interviews, and limited occupa-
higher for women than men for every category of smokingonal history, since we had only current and usual jobs,
[Muscat et al., 1996]. Similar gender differences have beeather than a lifetime work history. However, a priori
reported for the association between lung cancer and smaksessment of exposure to solvents using JEMs was a crucial
ing [Brownson et al., 1992; Risch et al., 1993; Zang antbmponent in this study because this approach avoids recall
Wynder, 1996]. Higher levels of p53 mutations and hydrdsias between men and women or between cases and
phobic DNA adduct level have also been found in femaleontrols. Without a detailed work history, the ability of an a
lung cancer patients than in male, even though the level miori JEM to capture potential exposures is limited [Dosem-
exposure to carcinogens from cigarette smoking was lowegi et al., 1994]. We were unable to evaluate the risk by level
among the females than among the males [Kure et al., 1998 exposures to individual solvents in this report, due to the
Guinee et al., 1995]. Experimental studies showed a highemall number of exposed subjects in our study population.
level of hepatic tumor promotion activity in female miceLarger interdisciplinary studies with sufficient numbers of
compared to male mice [Siglin et al., 1995]. men and women are needed to confirm and to provide new

There is no clear evidence to explain these gendevidence to explain the gender differences observed in this
differences in risk of renal-cell cancer associated witktudy.
exposure to solvents. Our observation may be explained by
chance_ based on small numbgr, however, previous StUdﬁ}EFERENCES
evaluating gender differences in cancer development have
pointed to some hmts that mlg_ht su_pport our findings. I:%exandrie AK, Rannug A, Tornling G, Seidegaard J, Sundberg MI. 1994.
example, anatomical and physiological parameters, such@setic susceptibility to lung cancer with special emphasis on CYP1A1 and
body composition (fat and water content), surface are@$TM1: a study on host factors in relation to age at onset, gender and
metabolism, and cardiovascular, pulmonary, gastrointegtist©lo9ical cancer types. Carcinogenesis 15:1785-1790.
nal, and renal function are generally different in men angbal NR, Geyer JR, Risser DR, Lee ET, Kadamani S, Cherng N. 1988. Risk
women [Silvaggio and Mattison, 1994]_ On average, toté’:}ctorginrenal cellca}'cinoma. 11. Medical history, occupation, multivariate

. . analysis, and conclusions. Cancer Detect Prev 13:263-279.
body water is 40% greater in men than women, and women
have almost 100% more fat tissue than men [Headapohllli’efin A, Flamant R, Ory—P'aoIetti.C, Benhamou S. 1994. Occupatiqnal
1993]. As most solvents are stored in fat tissue, th edfg(l:tzzfzsésf_oizrge‘nal cell carcinoma: a case-control study. Occup Environ
difference in body fat content suggests that women may

have longer internal exposure to solvents than men Otﬁ’@rtazzi PA, Latocca R, Zocchetti C, Pesatori AC. 1989. Mortality study of
’ cancer risk among oil refinery workers. Int Arch Occup Environ Health

studies suggest that there may be gender differencesgingi_o70.
genetic susceptibility enzymes, such as GSTM1, which may ,

lav a role in the detoxification process of various enviro B_offetta P, Gustavsson P, Jourenkova N. 1997. Cancer risk from occupa-
play o p X Rional and environmental exposure to polycyclic aromatic hydrocarbons.
mental xenobiotics [Ryberg et al., 1994; Rodilla et al., 199Gancer Causes Control 8:444-472.
Kihara et al., 1995; Alexandrie et al., 1994]. Indeed, thlgreslow NE, Day NE. 1980. Statistical methods in cancer research. Vol I.

GSTML1 null genotype was markedly more prevalent amoR@e analysis of case-control studies. IARC Sci Publ 32:192—246.

women than men, suggesting a poorer detoxifying capabilia/ _ _ _
ownson RC, Chang JC, Davis JR. 1992. Gender and histologic type

against environmental xenobiotics [Kihara et al., 1995]. Whyiations in smoking-related risk of lung cancer. Epidemiology 3:61-64.

another study, gender differences in the elimination rate otf1 WH. Gridley G. McLaudhiin JK. Mandel 15. Wacholder S. Blot W
. . ow , Gridley G, McLaughlin JK, Mandel JS, Wacholder S, Blo ,
xenobiotics from the bOdy have been reported [Sllvaggﬁwa S, Fraumeni JF Jr. 1994. Protein intake and risk of renal cell cancer. J

and Mattison, 1994]. In general, after adjustment for bodyatl cancer Inst 86:1131-1139.

surface are.a’ It. has been ShOV\{n that renal blood ﬂo&%cco P, Hua F, Boffetta P, Carta P, Flore C, Onnis A, Picchiri GF, Colin D.
glomerular filtration, tubular secretion, and tubular reabsorpgg7. Mortality of Italian lead smelter workers. Scand J Work Environ
tion are greater in men than women, suggesting that migealth 23:15-23.

have a higher e“mmat'f)n rate of X_enOb'(_)t"CS than' WOM&h,n rw, Asal NR. 1984. Mortality among laundry and dry cleaning
[Hytten and Chamberlain, 1980]. Finally, it is possible thatorkers in Oklahoma. Am J Public Health 74:1278-1280.

there may be differences in the level of exposure b.etW?BQsemeci M, Cocco P, Gomez M, Stewart PA, Heineman EF. 1994. Effects
men and women even though they have the same job tidethree features of a job exposure matrix on risk estimates. Epidemiology
Several studies have reported gender differences in exposuté4-127.

both qualitatively and quantitatively, even when men anghteriine PE, Hartley J, Henderson V. 1987. Asbestos and cancer: a cohort
women worked in the same industry or in the same job titfellow-up to death. Am J Ind Med 44:396-401.

[Hemberg etal., 1988; Messing etal., 1994; Greenberg a@ﬁerline PE, Marsh GM, Day R. 1995. Cancers related to exposure to
Dement, 1994; Stewart and Blair, 1994; Roxburgh, 1996]. arsenic at a copper smelter. Occup Environ Med 52:28-32.
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